Introduction
Plectranthus vettiveroides (K.C. Jacob) N. P. Singh & B. D. Sharma (Syn. Coleus vettiveroides) locally known as 'iruveli' in Malayalam and 'vettiver' or 'kuruver' in Tamil belongs to the family Lamiaceae is a medicinal succulent herb with strongly aromatic fibrous roots. It has been used as antibacterial, deodorant, cooling agent [1] and also used against eye burning, head ache and fever [2] . The essential oil obtained from the roots has antimicrobial property and has been used by physicians especially in the western countries as a sanitation agent and hand wash [3] . In Tamil Nadu the root has been used for worshipping the deity and also used for making household products such as bathing soap, agarbatti, hair oil etc [4] . About 40 herbal drugs are currently available in the global/local market containing P. vettiveroides as single or as an ingredient [1, 5] . The plant is endemic to South India and now extinct in the wild. Currently, the plant has been cultivated by few farmers of the village Kollidam, Chidambaram, Cuddalore district, Tamil Nadu, where its cultivation is associated with some religious belief and as part of that they are forbidden to give out the planting material. At present, demand for the root is rocketing but its commercial scale cultivation is not being practiced and popularised mainly due to the lack of standardised agrotechnological package of practices. In the light of these, the National Medicinal Plants Board (NMPB), Government of India has recognised the plant as a top priority one for conservation and sustainable utilisation through large scale cultivation.
As part of standardising agrotechnology package of practices, the present study aimed to find out best soil type and mode of soil bed preparation for optimum growth and root biomass yield. Soil is a heterogeneous material which may be considered as consisting of three major components; a solid phase, a liquid phase and a gaseous phase [6] . Soil types influences the growth of plants directly or indirectly by interacting with a large number of factors and have been studied in different crops like sweet pepper [7] . The water infiltration rate has direct influence on the morphological characters [8] . Optimum moisture condition for any crop may vary depending on many factors such as soil type, climate conditions, growth rate, habit etc. The favourable soil moisture condition should be maintained throughout the growth period of plants due to the relationship between evapotranspiration and biomass production [9] . Proper land preparation is required for vigorous growth of plants. Soil management practices like tillage was useful for improving soil properties and enhanced crop performance [10, 11, 12] .
II. Material And Methods
Field experiments were conducted at Jawaharlal Nehru Tropical Botanic Garden and Research Institute (JNTBGRI), Puthenthope campus, Thiruvananthapuram situated at 8°34'51"N latitude and 76°50'3"E longitude during 2010-2012. To determine the best soil texture and type sandy and loamy soil in five different combinations (100:0, 75:25, 50:50, 25:75, 0:100) were filled in earthen pots of nine inch height and 11 inch diameter and 10-15 cm long shoot tip cuttings were planted. To determine the influence of land preparation methods, raised soil bed heights (15cm, 30cm, 45cm, 60cm, 75cm) and boundaries using different materials such as thatched coconut leaves, ferro-cement hollow bricks and coconut husks around top edges were tested for growth and yield. The physical and chemical parameters of the soil were determined just before planting. The plants were kept under light intensity of 6550 to 12000 lux and irrigated twice daily and harvested after 70 days of cultivation.
Experiments were laid out in Randomized Block Design (RBD) replicated thrice. Observations on survival percentage, plant height (cm), leaves/plant, leaf area/plant (m 2 ), branches/plant, shoot biomass/plant (g), primary roots/plant, root length/plant (cm) and root biomass/plant (g) were recorded after 70 days of growth. To determine the essential oil yield the harvested fresh roots were hydro-distilled in Clevenger apparatus for 4 hours. All the data were statistically analyzed by analysis of variance (ANOVA) and critical difference (CD) at 5% level for comparing the treatment means.
III. Results And Discussion
The highest soil pH (6.25) was recorded in sandy soil (100:0) and lowest pH (4.25) in loamy sand (0:100). The percentage of sand, clay and silt particles present in individual and different combinations of sand and clay soils were depicted in (Table 1) (Table 2) showed that Nitrogen was recorded maximum (0.6%) in loamy sand and minimum (0.24%) in sandy soil. Phosphorous was maximum (19ppm) in sandy soil and minimum in loamy sand (5.25ppm). Potassium was maximum (9.25ppm) in sandy clay loam and minimum in sandy soil (4.25ppm). Micronutrients of the soil were also tested and depicted in Table 2 . Of the different soil ratios tested, maximum survival rate (100%) was recorded in sandy soil and least survival rate (53%) noticed in sandy clay loam (Table 3 ). Significant differences were exhibited with different soil types on growth attributes (Table 4 and Fig 1) . All the parameters such as plant height (43.81 cm), number of branches (22.13), number of leaves (40.13), leaf area (8.43 m 2 ), fresh shoot weight (101.75 g), root length (48.00 cm), number of primary roots (20.25) and root biomass (33.80 g) per plant were recorded maximum in sandy soil and significantly superior over other soil types. Although nitrogen content was low in sandy soil the growth and yield was significantly higher. It indicates that sandy soil texture play crucial role on the growth and yield of Plectranthus vettiveroides. Better growth performance and biomass yield in sandy soil might be due to larger sand particles, separated by greater space which holds more oxygen but less water (due to rapid drainage) providing better aeration in contrast to the smaller clay particles which are more compact and hold more water and less oxygen. The longest root length in sand may be attributed by low nutrient and water supply [14, 15, 16] . Percentage of oil content was also high (0.32%) in sandy soil compared to other soil types. Excess water can cause anaerobic condition that might be one of the causal factors for the reduced growth in other soil types [17, 18] . Clay and silt particles may have negative effects on plants by accumulation of excess water that inhibit growth rate of plant [19] .
Influence of different soil raised bed heights was tested and the results revealed that maximum root production was recorded in 60 cm bed height ( Table 5 ). The analysis of data revealed that up to 60 cm bed height root biomass was increased and then biomass yield declined. The observations indicated that raised soil bed from the surface of the soil favoured increased root length. There was no significant difference in primary roots indicate that maximum root growth was attained at a depth of 60 cm and further increase in bed height could only increase the length of the root and that could not contribute much to root biomass. The influence of root growth and soil bed height was also studied in green crops [20] . Highest mean plant height (40.83cm), number of leaves/plant (84) and number of branches/ plant (10.33) were recorded in bed height of 75 cm. Maximum leaf area/plant (17.64 m 2 ) was recorded in 75 cm height bed may be due to more number of leaves per plant when compared to other bed heights. Shoot weight/plant (194.17g) was also maximum at 75 cm bed height when compared to other treatments was due to increase in above ground characters. Maximum root length (69.33 cm) in 75 cm bed height may be due to increased root penetration through the soil before hitting the hard soil. Maximum number of primary roots (18.67) in 60 cm bed height may be due to the reason that it provides more favourable root-zone conditions for root growth. It provides optimum condition for water infiltration and proper aeration which favoured root growth horizontally hence ridge height of 60 cm determined the maximum root yield per plant (37.95g). This could be due to the fact that at this ridge height all the necessary conditions for an ideal root formation were satisfied, both the number of primary roots and length were maximum and so resulted highest yield. This was in corroborated with the earlier reports in sweet potato that neither too high nor too low ridge heights results to high tuber yield [21, 22] . Raised beds improve drainage and aeration of the root zone following irrigation, leading to good root development. More favourable root-zone conditions exist for plant growth since there is a greater depth of surface soil, so rapid reaeration of the rootzone occurs following irrigation or rainfall. The raised bed land preparation was therefore recommended for optimum growth and yield in Plectranthus vettiveroides, as reported in pepper [23] , and bed height of 60 cm was optimum for maximum growth and yield.
Raised bed boundaries covered with coconut husks at the top recorded maximum mean shoot (79.58 g) and root (56.25 g) biomass per plant. The former may be due to maximum plant height (42.42 cm) and large number of branches (10.1), and latter may be due to higher number of primary roots (21.5) and its' spreading (Table 5 ). In fact, coconut husks layered at the top boundary of the raised soil bed provided ambient moisture condition to the soil, which induced better plant growth. Soil bed made using thatched coconut leaves produced large number of leaves (50.5), hence recorded maximum leaf area (10.52m 2 ), and also recorded maximum root length (71.42 cm) which was highly significant to other treatments. The growth and yield of crops are highly influenced by available soil moisture [24] . 
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VI. Conclusion
Based on the experimental results it is recommended to cultivate Plectranthus vettiveroides in raised sandy soil bed of 60 cm height and covered with a layer of coconut husks at top boundary of the bed.
